The analysis of habitat selection underlies many conservation recommendations. Different researchers use different methods, therefore there is a need to examine whether the results are consistent. This study examined habitat selection by lesser kestrels, Falco naumanni, a globally threatened species, using two methods: visual sighting data from a 35-km transect and radio-telemetry of 33 birds. Habitat use and spatial ecology were studied across all of the breeding season in a pseudo-steppe area, where traditional agro-grazing systems are still present but some areas have been transformed into pine plantations. Telemetry data indicate that, in good quality habitat, lesser kestrels prefer to forage close to the colony. Furthermore, the home ranges obtained were smaller than those for lesser kestrels using intensively managed habitats or more forested areas. Habitat availability was determined within a 4-km radius of the colony and habitat preferences were determined using compositional analysis. Both methods were found to produce similar results, but telemetry provided a larger number of significant differences between habitats. Before the chicks hatched, lesser kestrels preferred grazed fallows, ploughed fields and cereal, while after hatching cereal stubble was the preferred habitat. In steppe habitats the protection of such foraging habitats within a 3-km radius from the colonies could be a very effective conservation measure.
INTRODUCTION
Understanding habitat preferences provides critical information for habitat management or species conservation (Sutherland & Green, in press ). To assess a species' needs, researchers commonly compare the habitat used with that present and, thus, infer selection and preference. When evaluating habitat selection by birds and mammals, the most popular method is the use-availability design method (Garshelis, 2000) . This method compares the proportion of time that an animal spends in each available habitat type (commonly judged by the number of observations) to the relative area of each type.
Two approaches can be used for use-availability studies: either habitat-use data are collected on animals that are not individually recognisable (e.g. visual sightings from transects) or data are collected on marked individuals (e.g. radio-tagging). Some animals are reasonably conspicuous and are not difficult to detect in the field, in these cases transect counts or mapping techniques seem to be a good option and allow sampling at the population level (Bibby, Burguess & Hill, 1992) . These techniques are less expensive and less time consuming than telemetry. However, telemetry can be especially useful for studying animals that are difficult to see. When using radiotelemetry it is possible to study habitat choice, movement patterns and home range. Radio-telemetry also allows individual and observational data to be collected. However, it may be impractical if animals are difficult to catch or the required licenses are difficult to obtain.
In use-availability studies, both visual sighting data (Tomé & Valkama, 2001; Thiollay & Rahman, 2002) and telemetry North & Reynolds, 1996; Reis & Rocha, 2001 ) are commonly used. Where both approaches can be adopted, researchers have to decide which is the better option -telemetry might give home range information and precise point locations but it requires more equipment and knowledge than visual sighting data. The lesser kestrel, Falco naumanni, is one of many species for which it is possible to collect both telemetry and visual sighting data, making it suitable for a comparative analysis of the results.
The lesser kestrel is a colonial migratory falcon, considered to be one of the most endangered birds in Europe (Collar, Crosby & Stattersfield, 1994) due to the dramatic decline in population sizes seen across much of its breeding and wintering range (Peet & Gallo-Orsi, 2000) . It is considered to be a Globally Threatened Species and is classified as Vulnerable (Collar et al., 1994; BirdLife International, 2000) . It is listed in Appendix I of the Birds Directive (79/409/EEC) and is also considered to be a priority species (SPEC1) according to Birdlife International. Loss and degradation of quality foraging habitats, resulting from the abandonment of traditional farming practices, have been suggested as one of the main causes for the dramatic decline of lesser kestrel populations Parr et al., 1995; Bustamante, 1997) .
Lesser kestrel biological requirements, related to food abundance and availability, are likely to vary considerably throughout the breeding season, from courtship to the rearing of the young (Kenward, 1977; Marquiss & Newton, 1982; Village, 1990) and the distribution of resources in the landscape also changes substantially. To understand any shifts in behaviour and detect periods of food shortage it is, thus, necessary to determine habitat use over the full season. Since food shortage at any phase of the breeding season may lower the final reproductive success of the species, it is important to know how space is used around the colonies at each phase. Only with such knowledge it is possible to manage this agricultural ecosystem in order to avoid resource bottlenecks during the breeding season. Tella et al. (1998) showed the importance of extensive agriculture with fallows and grassland margins around lesser kestrel colonies, during the nestling period, but there is still a need to define to what extent good quality habitat should be available to meet the foraging needs of the colonies during the full breeding season. In this study we collected detailed data about area requirements, home-range size and habitat use during the breeding season, all of which are needed to establish appropriate conservation measures.
The aims of this study were, first, to examine the home ranges and habitat preferences throughout the season and to determine the patterns of land use by lesser kestrels within pseudo-steppe habitat, including their response to both traditional agro-grazing systems and areas transformed into pine plantations; and second, to compare the conservation recommendations derived from radio-tracking and visual sighting mapping data, by running the two methods in parallel.
METHODS

Study area
The study was conducted around the Belver colony (37
• 41 N, 7
• 53 W) situated in the Castro Verde plains, Southern Portugal. The Castro Verde plains are classified as a Special Protection Area under the EU Birds Directive (Reg. 409/79). This colony, located within a group of old buildings, has 67 breeding pairs. The colony is the largest in Portugal and it is located in a region dominated by the extensive cultivation of cereal. It increased from 15 pairs in 1994 to 67 pairs in 2000, in response to the creation of nesting cavities by conservationists and the protection of suitable foraging habitat.
The extensive cereal cultivation is characterised by a mixture of grazed fallow areas and rotations of cereals, fodder, leguminous crops and set aside. Some open holm oak woods (Quercus ilex rotundifolia), also known 'montado', are present and areas of scrub (Cistus ladanifer) occur in rocky outcrops. A part of the study area (7%) was transformed into pine plantations in 1997. The cereals are cultivated following traditional practices: ploughing occurs in the autumn and oat is cultivated in the winter and harvested in June. The stubble is used for livestock rearing until the following winter. A part of the fields is ploughed in the spring and sowed with leguminous plants (chick peas or beans), which are harvested in the summer prior to being sown with cereals in the winter. In the second year the land is cultivated with wheat or barley after which it is left uncultivated (fallow) for 3 or 4 years, due to the poor soil quality. During these years the fallows are used for livestock rearing. Some of these fallows are set aside and fenced to exclude livestock and are not subject to any intervention.
Ranging behaviour
A total of 33 adult birds (16 females, 17 males) was radiotracked. Transmitters (Biotrack, England) with a weight of 4.2 g, were tied dorsally to the base of two central tail feathers as described by Kenward (1978 Kenward ( , 1987 . To determine the effect of transmitters we compared survival rates, mating behaviour and reproductive success of 10 birds with transmitters and 13 without.
Kestrels were tracked by triangulation following Kenward (1987; 2001) from three fixed telemetry stations positioned on strategic high points. With these fixed stations a radius of 4.5 km around the colony was completely covered. Each station consisted of a 7-m high metal tower equipped with two parallel 6-element Yagi antennas, a null-peak system (Telonics Tac-5: Springer, 1979; Kenward, 1987) and a protractor at the base.
During the tracking periods, at least two of the stations were manned simultaneously. Walkie-talkies were used to ensure simultaneous locations of the transmitters' positions. The error in the telemetry locations was assessed each day by reading the azimuth of fixed radios placed at known locations. We considered that this system gave accurate estimates of lesser kestrel locations since the error of each location was 25 m/km of distance to the antenna. Radio-tracking was carried out between 13 March and 14 July 2000 for a total of 160 h. To ensure independence of data, we separated each location of the same bird by an interval of at least 30 min. The estimation of this interval was based on colony behavioural observations where, on average while chick feeding, one adult lesser kestrel delivers food in to the colony every 10-15 min depending on the number of chicks in the nest (mean prey delivery per chick per hour is 1.25 (n = 28, standard deviation (SD) = 0.34).
Incremental area plots were used to investigate whether the number of locations obtained for each bird was sufficient for home-range area to reach an asymptote. These plots examine how the range area changes as successive fixes are added (Kenward & Hodder, 1996) . The incremental area plots were built for each bird, 10% of each bird's locations were considered to be outliers and the minimum convex polygon (MCP) method was used to calculate the home ranges. Figure 1 represents the incremental plot of the mean home range and standard error (SE) of all individuals whose home ranges reached an asymptote. On average, to reach a stable home-range size required 20 locations for females and 60 for males ( Fig. 1 ). Only 13 individuals (7 females and 6 males) with this number of locations were used for home-range analysis. Home-range areas were defined using RANGES V (Kenward & Hodder, 1996) , according to the MCP method and including 90% of the locations (White & Garrot, 1990) . This method was chosen because it is the only method that is strictly comparable between studies (Harris et al., 1990) . Kernel estimators were also used to locate the areas with different intensity of use (Boitani & Fuller, 2000) . This method produces a density estimate directly from data and is not influenced by grid size or placement (Silverman, 1986) .
For analytical purposes we plotted every location on a grid with a cell size of 500 × 500 m and a figure representing the spatial variation in the intensity of use of the area around the colony was created using Arc View. This was done for three different periods (16 March-April; May-15 June and 16 June-July).
Habitat selection
A land use map of the study area was prepared from 1995 aerial photographs (1:40 000) and field data, using a geographic information system (Idrisi 2.01, Clarks Labs, Worcester, USA). Habitat availability for each focal bird was collected within a 4-km radius of the colony because about 95% of the telemetry locations were within this distance. All birds, which were confirmed as breeding, were included in the habitat selection analysis (20 before hatching and 18 after hatching). The main habitat types were cereals, fallows, set aside, ploughed fields, open holm oak woods (montado) and pine plantations. All locations occurring at the intersection of habitats were discarded. This was done after investigating whether there was any selection of the edges. Two strips were analysed 50 and 100 m from the edge between all of the habitats. There was no positive selection of the edges (χ 2 = 0.01, d.f. = 1, P = 0.92; χ 2 = 0.03, d.f. = 1, P = 0.86, respectively). The proportion of radio-tracking locations in each habitat was compared with the proportions available within a 4-km radius of the colony. Compositional analysis was used to determine whether the lesser kestrels randomly selected habitats. This method was chosen because it avoids biases resulting from non-independence of proportions in habitat use (Aebischer, Robertson & Kenward, 1993) . The matrix of log-ratio differences was produced for each radio-tagged bird and for each transect. T-tests were used to assess the statistical significance of differences in the relative use of each habitat type.
Visual sighting mapping data
The visual sighting mapping area covered 70% of the telemetry area. This area was scanned uniformly along driven transects and from a small number of high vantage points. The time spent on these observation posts was the minimum necessary to scan the area not visible from the transect line. Open habitats and the gentle slopes of the area ensured uniform sampling. To simplify the terminology, occasionally we have used the term transect data instead of visual sighting data, especially in tables and legends. From 8 March to 14 July, 34 transects of 35-km, with the additional observation points, were carried out. Only feeding birds were included in the analysis, each lesser kestrel flock or isolated bird was plotted on 1:25 000 maps and information on flock size and type of habitat was recorded. Each flock was analysed as a location and the proportion of locations in each habitat was then compared with the available habitats in the transect area. These data were collected in the same period as the telemetry locations so that the results of both methods could be compared. As in telemetry, all locations occurring at the intersection of habitats were discarded due to the small number of observations in the edges and to allow a strict comparison of the methods. In order to compare the two approaches, foraging habitat selection was estimated for each tracked bird and for each transect using compositional analysis. Log-ratios of each habitat type were produced for each radio-tagged bird and for each transect and the mean and standard error were calculated over all birds and transects for each habitat. We have tried to homogeneously distribute the surveys throughout the breeding season. However, due to poor weather conditions occurring until the middle of May, fewer data points were collected during this period, the same constraint occurred for both methods. Table 1 summarises the number of working days and locations obtained per month for each technique. Six birds were tracked across the whole breeding season and nine were tracked continuously after April. Since there were few data for the first 2 months of the study and because of temporal variation in habitat composition and structure (resulting from agricultural practices during the year), we divided the data into two periods for the analysis: before harvesting (8th March15th June) and after harvesting (16th June-end of July). The beginning of the harvest coincided with the mean date for hatching; therefore the two periods considered were designated before and after hatching.
RESULTS
Effect of transmitters on breeding
We found no negative effects of the transmitters on either mating behaviour or reproductive success (Table 2) . Similar results were found in another study using the same type of radio transmitters on this species (Hiraldo, Donázar & Negro, 1994) .
Ranging behaviour
The kestrels were located more frequently within a radius of 3-km from the colony for both the pre and post-hatching periods. At distances exceeding 3-km from the colony the preferred locations varied seasonally: the areas west and south of the colony were foraged preferentially before harvesting, whereas after harvesting, kestrels preferred areas north of the colony (Fig. 2) .
The home ranges of the 13 individuals varied considerably (Table 3) , especially for males. The mean home ranges obtained using the MCP method were 15.0 and 23.4 km 2 for females and males, respectively (Table 3) . Females had smaller home ranges than males (MannWhitney U test, U = 6, P = 0.032). The colony home ranges obtained using MCP 90% when pooling individuals together were 31.7 km 2 for females and 42.7 km 2 for males (Fig. 3) . 
Habitat selection
The selection of foraging habitats by lesser kestrels was significantly non-random in both the periods analysed: before harvesting ( = 0.0095, P < 0.05) and after harvesting ( = 0.0801, P < 0.05). The most important foraging habitats varied over the season. Before hatching, the habitats with the highest scores were grazed fallow, ploughed fields and cereal. After hatching, cereal stubble became the highest scored habitat according to both methods, followed by grazed fallows (Tables 4 and 5 ).
Comparison of telemetry and visual sighting data
Overall, when pooling the two periods together, both telemetry and visual sighting data provided similar results (Fig. 4) , namely that grazed fallow, cereal and ploughed fields are the preferred habitats. Nevertheless, there are a few differences: according to telemetry data, grazed fallow, cereal and ploughed fields are positively selected for in both of the periods analysed, whereas with visual sighting data, cereal is not selected before hatching and ploughed fields are not selected after hatching. Set aside, plantations, montado and 'other' are never selected according to either method. Before hatching, there were no significant differences between cereal and grazed fallow according to the telemetry data, while ploughed fields were not significantly different from pine plantations or set aside according to the transect data (Tables 4 and 5 ). After hatching, cereal stubble was the preferred habitat and was not significantly different from ploughed fields according -
Values marked with three signs indicate significant deviation from zero at P < 0.05. G., grazed; C., cereal. -
Values marked with three signs indicate significant deviation from zero at P < 0.05. G., grazed; C., cereal.
to telemetry data nor from grazed fallow according to visual sighting data (Tables 4 and 5 ). Visual sighting data showed more dramatic changes between pre and post-hatching periods. Before hatching, cereal was ranked as one of the least preferred habitats, being significantly less used than the top two habitats (ploughed fields and grazed fallow) while cereal stubble became the highest ranked habitat after hatching (Tables 4 and 5 ). Although the results of the two approaches were similar, telemetry provided a larger number of significant differences between the habitats, but it must also be noted that a larger area was analysed.
The log-ratios of each habitat comparison obtained by telemetry and visual sighting data were compared using a rank correlation, which showed that the results of the two methods are correlated (r s = 0.574, n = 14, P = 0.032). When comparing the P-values obtained by the T-tests that were used to account for differences in the relative use of each habitat type, telemetry and visual sightings also provided similar results (Fig. 5) . In fact, a higher percentage of the data variation is explained when comparing different methods for the same season (45% before harvesting and 47% after harvesting) than when using the same method but comparing different seasons (33% for telemetry and 14% for visual sightings: Fig. 5 ). Telemetry provided more consistent results across the two periods, providing 50% fewer changes in the signs of the log-ratios of each habitat comparison than R 2 = 0.14 −log (P) before hatching −log (P) before hatching did the visual sighting data (Fig. 5) . Nevertheless, in either method there were no significant changes in the signs of the log-ratios. A Wilcoxon paired-sample test comparing the P-values obtained from the T-test indicates that there are no significant differences between periods (before harvesting: Z = − 1.419, P = 0.156; after harvesting: Z = − 0.896, P = 0.37) or methods (telemetry: Z = − 1.419, P = 0.156; visual sightings: Z = − 0.523, P = 0.601) analysed.
DISCUSSION
Telemetry techniques do not seem to harm the kestrels during the reproductive season, since the radio-tags had no effect on several life parameters. In addition, the tags are dropped at the time of the annual moult, which occurs before the annual migration, so telemetry does not affect this sensitive phase of their annual cycle.
Ranging behaviour
Although the foraging areas changed throughout the season, the most heavily utilised areas were located within 3 km of the colony. Habitat use close to the colony became especially pronounced once the eggs hatched (after 15th
June) and the parents had to feed their chicks. This seems to be because long flight distances between foraging areas and nest sites lead to lower reproductive success (Newton, 1979) . Indeed, there is evidence that productivity is lower when the kestrels have to fly further distances to find food. In another colony located in the same region, but surrounded by pine plantations (Reis & Rocha, 2001 ), mean productivity was 1.5 times lower and home ranges were 10 times larger (Reis & Rocha, 2001) . Lesser kestrel home range can vary significantly from one area to another. The extent of the home ranges in this colony is similar to others located in extensive cereal field areas (Tella et al., 1998) . However, they were significantly smaller than those that are surrounded by intensively cultivated areas Tella et al., 1998) or forest (Reis & Rocha, 2001 ). This suggests that extensive cereal areas are good quality habitats, which provide enough food resources throughout the breeding season and should, therefore, be preserved at short distances from the colony. In contrast to what was found in other studies (Negro, Donázar & Hiraldo, 1991; Tella et al., 1998) , the home ranges of females were smaller than those of males. One reason for this is that females contribute more to nest defence and hunt more often close to the nests.
Habitat selection
Before hatching, the foraging habitats selected, in order of preference, were: grazed fallow, ploughed and cereal fields. This is most probably related to prey density, distribution and availability. Birds of prey usually select as foraging habitats the more profitable areas based on the availability and/or accessibility of their main prey items (Village, 1982; Cody, 1985) . Lesser kestrels prey mainly on invertebrates (Orthoptera and Coleoptera) but also on small mammals and lizards (Cramp & Simmons, 1990; Tella et al., 1996) . The positive selection of ploughed fields during the breeding season might be related to the structural advantages of this habitat for hunting kestrels. Ploughed fields sometimes provide abundant prey, especially rodents and invertebrates (Leitão, 1993) . In Los Monegros (Spain) lesser kestrels also used ploughed fields and obtained intake rates similar to those of cereals and field margins (Tella et al., 1998) . Grazed fallows were also a preferred habitat, while set asides, which are fallows that were not grazed or sowed, were not used. This may be attributable not to the abundance of prey, but to their accessibility to the kestrels. In set aside there is a greater insect abundance than in grazed fallows (our unpublished results) but these prey items are not easily accessible because they are protected by denser and higher vegetation (Cardoso, Lecoq & Carvalho, 2000) . Cereal fields also have tall vegetation but the percentage of cover is lower than in set-aside (our unpublished results), thus this habitat may be preferred since prey might be more accessible and easier to locate. Habitat structure seemed to have great influence on habitat selection; habitats with very tall or dense vegetation such as pine plantations, montados and set aside, were always used significantly less frequently than grazed fallows, ploughed fields and stubble.
After hatching, which coincided with harvesting, cereal stubble was the highest ranked habitat. During the harvest, lesser kestrels were often seen following the harvesting machines, presumably capturing insects as they become more visible (Bijlsma et al., 1988; Rocha, 1995) . Thus, ideally the cereals should be harvested on a rotation covering the period of chick growth to maximise food abundance. Coincidentally, hatching occurred in this colony at the start of harvesting and from both telemetry and visual sighting data more than 50% of locations were obtained from cereal stubble during the chick-rearing period.
Comparison of telemetry and transect data
Telemetry locations and visual sighting data, obtained with similar effort, have been compared for habitat selection data. The results of the two methods are positively correlated indicating that the habitats selected were similar. When pooling the two periods together the habitats selected by each method were similar (grazed fallow, cereal and ploughed fields), which reinforces the results. If only one method was used and the full breeding season was analysed, the conservation recommendations would be similar using either of the methods. Therefore, if few logistic resources are available, visual sighting methods seem to be a good option, they are easy to implement and are less costly than radio-telemetry. However, when the target species is difficult to detect, radio-telemetry provides more information and gives good results if a minimum number of individuals can be captured.
When looking at each period separately there were some differences between the methods. According to visual sighting data, cereal is not selected in the first part of the breeding season and ploughed is not selected in the second part of the breeding season, contrary to the telemetry results. These differences might be attributed to sampling; telemetry involves a smaller number of birds, which is less representative at a population level, but allowed a larger area to be covered, which may be important, especially because some habitats were scarce. In addition, telemetry data are less dependent on the detectability of animals in different habitats than are transect mapping data. Nevertheless, there are more differences between periods than between methods; the relationship between the Pvalues obtained for telemetry and visual sighting data for the same period is stronger than the relationship obtained for the same method but comparing different periods (Fig. 5) . Therefore, it is important to have information from all of the breeding season before suggesting conservation measures.
Conservation implications
The results of this study provide useful management guidance for lesser kestrel conservation, which could be used, for example, for the creation of agri-environmental measures and for the Zonal Programme of Castro Verde. This Programme, created within the scope of agrienvironmental regulation, provides subsidies to farmers using agricultural practices that are compatible with nature conservation. Among other measures, it promotes the traditional rotation system, a reduced use of pesticides and herbicides, a controlled grazing intensity (0.5-0.7 stock units/ha) and the protection of the soil by limiting ploughing.
Lesser kestrels benefit from a landscape mosaic of low intensive agriculture created by traditional agricultural practices. At the beginning of the season, grazed fallows and ploughed fields are the most important habitats. Subsequently, harvesting seems to provide abundant food resources during the critical period of chick feeding. Three measures seem to be particularly important for providing suitable foraging habitat: (1) in the areas within a 3 km radius of the colonies, traditional extensive agriculture should be maintained; (2) the planning of rotations should always incorporate grazed fallows, cereal and ploughed fields; (3) cereal harvesting should be spread over June and July, during the chick feeding period to provide a good source of food in a critical period.
The results of this study suggest that lesser kestrels depend on the maintenance of a diverse agricultural mosaic, as promoted by the extensive cultivation of cereals in a rotational system. Pine plantations are a real threat to the steppe habitats and very detrimental for steppe species conservation, especially inside designated sites (Special Protection Areas).
The home range in good quality foraging areas is small, indicating that the most important areas for lesser kestrels are located around the colonies. Therefore, the establishment of a specific agri-environmental scheme, involving farmers managing land within a radius of 3 km around colonies could be a very effective measure for lesser kestrel conservation.
